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Association of GATA3 expression
in triple-positive breast cancer
with overall survival and immune
cell infiltration

Xiuwen Chen?, Weilin Zhao'?, Yugang Huang?, Senyuan Luo?, Xianbin Tang'** & Qiong Yi'**

Breast cancer remains a leading cause of cancer-related mortality among women, with triple-positive
breast cancer (TPBC) being a particularly aggressive subtype. GATA binding protein 3 (GATA3) plays a
crucial role in the luminal differentiation of breast epithelium and T-cell differentiation. However, the
relationship between GATA3 and immune infiltration in TPBC remains unclear. This study collected and
analyzed TPBC data from The Cancer Genome Atlas (TCGA), METABRIC, and GSE123845 databases.
Univariate and multivariate Cox regression analyses, along with Kaplan—Meier survival analyses,

were employed to assess the prognostic value of GATA3 and other clinical features. Subsequently,
Gene Set Enrichment Analysis (GSEA) was conducted to explore the potential biological functions

and regulatory mechanisms of GATA3 in TPBC. Additionally, ssGSEA analysis revealed the connection
between GATA3 and immune infiltration. And the effects of neoadjuvant chemotherapy and
immunotherapy on GATA3 expression were also explored. Finally, clinical samples were used to detect
the relationship between GATA3 expression and tumor infiltrating lymphocyte (TIL) levels. Our results
demonstrated that GATA3 was significantly overexpressed in TPBC tissues compared to normal tissues
(P<0.05). A positive correlation between GATA3 mRNA and protein levels was observed (R=0.55,

P <0.05). Notably, high GATA3 expression was associated with poor overall survival (HR=1.24, 95%
confidence interval (Cl) 1.25-11.76, P <0.05). GSEA indicated significant enrichment of immune-
related gene sets in low GATA3 expression groups. Furthermore, pathologic complete response (pCR)
patients exhibited significantly lower GATA3 expression compared to residual disease (RD) patients.
Mutation analysis revealed higher PIK3CA and TP53 mutation rates in high GATA3 expression groups.
Finally, clinical validation data showed that the degree of TILs was significantly higher in the low
GATA3 expression group. In conclusion, this study suggests that high GATA3 expression may be
associated with poor prognosis and may reduce immune infiltration in TPBC.

Keywords GATA3, Triple-positive breast cancer, Tumor-infiltrating lymphocytes, Tumor microenvironment,
Neoadjuvant chemotherapy

Breast cancer is a heterogeneous disease categorized into four distinct subtypes (Luminal A, Luminal B, HER2-
enriched, and Basal-like) based on microarray-based gene expression profiling"?. Within the HER2-enriched
breast cancer subtype, approximately 50% of tumors concurrently overexpress estrogen receptor (ER) and pro-
gesterone receptor (PR) in addition to HER2 amplification, suggestively named “triple positive” Breast cancer
(TPBC)*. Compared to other subtypes, TPBC presents complex clinical features and prognoses. Some studies
have indicated that TPBC is associated with higher tumor grades, significant lymph node metastases, and aggres-
sive tumor behavior®. Conversely, others suggest that TPBC tends to have a better prognosis compared to hor-
mone receptor (HR)-negative/HER2-positive breast cancer’. Although the combination of targeted therapy and
endocrine therapy is generally considered effective for TPBC, the complex interactions between HER2 and the
HR signaling pathway lead to increased tumor drug resistance and progression, necessitating further investigation
into TPBC treatment®. Currently, neoadjuvant chemotherapy (NACT) is increasingly used for TPBC patients;
however, few studies have reported biomarkers that predict TPBC prognosis and NACT efficacy. Additionally,
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with recent advancements in immunotherapy for luminal-type breast cancer, the application of immunotherapy
in breast cancer could be expanded’. Therefore, it is necessary to identify new biomarkers to better guide clinical
assessment and treatment decisions beyond traditional perspectives in TPBC.

GATA3 is a transcription factor that plays a critical role in developing luminal differentiation of breast
epithelium® and T-cell differentiation’®. Loss of GATA3 expression is associated with poor outcomes in previous
clinical study'. Therefore, the immunohistochemical expression of GATA3 is widely used in clinical practice
to differentiate breast metastases of unknown origin and assess prognosis, although there is a lack of reports on
its prognostic significance in TPBC. Notably, GATA3 expression is strongly correlated with hormone receptors,
with several studies suggesting a potential association with an improved response to endocrine therapy'!. Despite
these established associations, the specific role of GATA3 in TPBC, particularly in relation to NACT response and
immune infiltration, remains underexplored. Recent research has shown that the levels of TILs could predict the
response to NACT in all molecular subtypes of breast cancer'?. However, research into the relationship between
GATA3 expression and immune cell infiltration has been predominantly focused on bladder cancer”. Given the
potential interaction between GATA3 expression and immune infiltration, investigating the relationship between
GATA3 and TILs in TPBC could provide valuable insights into the mechanisms underlying treatment response
and identify novel therapeutic targets.

In this study, we aimed to investigate the expression of GATA3 in TPBC and its association with immune
infiltration. Initially, we examined GATA3 mRNA expression levels and conducted survival analysis in TPBC.
Subsequently, the study provided further insight into the association between GATA3 expression, immune-
related genes, and the immune infiltration of the tumor microenvironment (TME) through GSEA analysis.
Additionally, we assessed the relationship between GATA3 expression and different NACT efficacy groups.
Finally, relevant clinical cases were collected, and immunohistochemistry was employed to compare the levels
of TILs between different GATA3 expression subgroups.

Materials and methods

Data collection and preprocessing

Transcript Per Million (TPM) normalized expression profile data and breast cancer sample information were
obtained from The Cancer Genome Atlas (TCGA) database using the TCGABinks R package'*~'®. TPBC patients
were identified based on ER and PR immunohistochemical results, and HER2 results derived from the clinical
information, with the detailed screening process depicted in Fig. 1. Ultimately, 109 TPBC cases were included
in this study. ER/PR positive status was established based on positive immunohistochemistry (IHC) results,
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Figure 1. Screening process of TPBC cases in TCGA database.
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and HER?2 status was primarily determined according to the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) HER? testing guideline'”. The METABRIC dataset, chosen for validation
from the cBioPortal database (https://www.cbioportal.org/), comprised 46 TPBC cases identified based on ER/
PR and HER2 status from the corresponding clinical information. To test whether GATA3 expression correlated
with the response to NACT, the transcriptome data from TPBC patients in the public dataset GSE123845 was
chosen'®. The baseline clinicopathological characteristics of the patients in the different cohorts are summarized
in Table S1.

Expression and prognostic significance of GATA3 in TPBC

Initially, GATA3 mRNA and protein expression in normal and TPBC tissues were initially analyzed. The protein
expression data were derived from Reverse Phase Protein Array (RPPA) technology, a high-throughput proteomic
technology used to assess protein expression levels in many samples simultaneously. Subsequently, TPBC patients
were divided into high and low-expression groups based on the optimal cutoff point of GATA3 expression levels
calculated by the survminer package. This package was employed to examine the survival data and find a cutoff
point that effectively distinguishes between high-risk and low-risk groups according to their survival outcomes.
Kaplan-Meier analysis was used to compare the impact of GATA3 expression on the overall survival of TPBC
patients. Univariate regression analysis was initially conducted, and variables with statistically significant differ-
ences were subsequently included in the multivariate regression analysis. Finally, the correlation between GATA3
expression and various clinical characteristics, including age, Ki67 status, and histological grade, was investigated.

Gene set enrichment analysis

To explore the potential regulatory mechanisms of GATA3 in TPBC, Gene Set Enrichment Analysis (GSEA) was
performed using the ClusterProfiler R package'’. The analysis was conducted using annotated gene sets, includ-
ing “h.all.v2023.1.Hs.entrez.gmt (Hallmarkers)”, “c2.all.v2023.1.Hs.entrez.gmt”, and “c5.all.v2023.1.Hs.entrez.
gmt”. The statistical threshold was set at a false discovery rate (FDR) of <0.05. Details on the subsequent analysis
of immune infiltration related to the enrichment of immune-related gene sets are provided in the next section.
To assess the enrichment of mismatch repair (MMR)-related gene sets, additional analyses were conducted on
tumor mutation burden (TMB) and microsatellite instability (MSI). Relevant TMB and MSI data were obtained
from the cBioPortal database (http://www.cbioportal.org/).

Association between GATA3 expression and immune infiltration

Immune-related genes were sourced from the ImmPort data portal (https://www.immport.org/home), and 2,483
immune-related genes were obtained. Given the large number of immune genes, the analysis of individual
genes alone may not effectively assess the comprehensive biological processes and pathways associated with
immune gene alterations. Therefore, Gene Set Variation Analysis (GSVA) was employed using 17 immune
gene sets (Table S2). The single-sample Gene Set Enrichment Analysis (ssGSEA) method, implemented in the
GSVA R package®, was used to estimate the ratio of immune cell infiltration between the GATA3 high- and
low-expression subgroups. The results were visualized through boxplots generated by the ggpubr R package. To
evaluate the stromal and immune components and the overall tumor purity, the stromal, immune, and estimate
scores were calculated using the estimate R package?'. A statistically significant threshold was set at P<0.05. The
Cancer Immunome Atlas (https://tcia.at/) is a valuable resource for the comprehensive analysis of intratumoral
immune landscapes and cancer antigenomes for 20 distinct solid cancers. We extracted the Immune Phenotype
Score (IPS) data from TPBC patients for subsequent analysis. These scores could predict the response to immu-
notherapy, including anti-PD-1 and anti-CTLA-4 treatments”*. The oncoPredict R package was used to predict
drug sensitivity in different GATA3 expression groups?.

Association between GATA3 expression and NACT response

To investigate the correlation between GATA3 expression and the efficacy of NACT, TPBC cases in the
GSE123845 dataset were selected. In this dataset, patients were divided into pathological complete response
(pCR) and residual disease (RD) groups. First, we compared the expression of GATA3 between RD and pCR
patients and then used ssGSEA analysis further to analyze the differences in tumor-infiltrating immune cells.
Finally, the potential association between GATA3 expression and the infiltration level of immune cells was
explored.

Mutation and methylation analysis

GATA3 mutation and epigenomic (methylation) analyses in TPBC were performed using the cBioPortal for
TCGA (http://www.cbioportal.org/) platform. This study compared mutational signatures across different GATA3
expression groups and examined differences in GATA3 expression among various GATA3 mutation groups in
TPBC. Furthermore, the correlation between GATA3 expression and methylation levels was explored. Spear-
man’s correlation coefficients were used to calculate the association between GATA3 expression and methylation.

Validation by immunohistochemistry staining in clinical specimens

Thirty-one formalin-fixed paraffin-embedded tissue samples were collected from patients diagnosed with pri-
mary TPBC at Taihe Hospital. Immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH)
methods were utilized to evaluate ER, PR, and HER2 expression status according to the definitions provided by
the ASCO/CAPY. ER and PR status was based on tumor nuclei staining, with a positivity threshold of > 1%. HER2
positivity was defined as an THC score of 3 +. For cases with an IHC score of 2 +, FISH analysis was subsequently
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conducted, and only patients demonstrating HER2 gene amplification were categorized as HER2 positive. The
GATAS3 status of all primary tumors was assessed through IHC staining using standard procedures (GATA3
antibody: L50-823, Maxim, China). Positive expression of GATA3 was observed in the nucleus of tumor cells.
Each slide was randomly selected for analysis in ten high-power fields (200x). The semi-quantitative combined
H-score was used to assess the intensity of GATA3 expression. The H-score was calculated by multiplying the
staining intensity and the percentage of immunoreactive cells, with staining intensity graded on a scale of 0
(negative), 1 (weak), 2 (moderate), 3 (strong), and the percentage of immunoreactive cells ranging from 0 to
100%2*. This study categorized samples with an H-score >200 as the high-expression group, while the remaining
samples were classified into the low-expression group!’. Tumor-infiltrating lymphocytes (TILs) in the primary
tumor were assessed with hematoxylin and eosin (HE)-stained slides and evaluated according to the International
Immuno-Oncology Biomarker Working Group guidelines®. The TILs score is determined by the percentage of
tumor stroma area occupied by lymphocytes.

Statistical analysis

All statistical analyses were performed using R software version 4.1.2. A t-test was used to compare data between
the two groups for continuous variables with a normal distribution. When continuous variables did not follow
a normal distribution, the Wilcoxon rank-sum test was utilized for comparisons. Categorical data analysis was
conducted using the chi-square or Fisher’s exact tests. The Kaplan-Meier method was used to conduct survival
analysis. A P<0.05 was considered statistically significant.

Institutional review board statement
This study was approved by the Ethics Committee of Shiyan Taihe Hospital, Hubei University of Medicine. All
experiments were performed according to regulations. Informed consent was obtained from patients in the study.

Results

The expression levels of GATA3 and the correlation between ER and HER2 expression in TPBC
To investigate the fundamental expression patterns of GATA3, mRNA expression levels were examined in normal
and TPBC samples from the TCGA database. The analysis revealed a significant elevation of GATA3 expression
in TPBC at the transcriptome level (Fig. 2A). Statistical analysis showed significant upregulation of GATA3 in
TPBC compared to normal samples (P<0.05). Additionally, Fig. 2B illustrated a positive correlation between
GATA3 mRNA and protein levels (Spearman: R=0.55, P<0.05). A negative correlation was observed between
ESR1 (ER) and ERBB2 (HER2) expression in TPBC (Spearman: R=-0.28, P<0.05) (Fig. 2C).

The prognostic value of GATA3 expression in TPBC

Kaplan-Meier survival analysis was initially performed to investigate the correlation between GATA3 expres-
sion levels and overall survival, indicating that GATA3 was a significant unfavorable prognostic marker in TPBC
(P<0.05) (Fig. 3A). These findings were further validated in an independent METABRIC dataset (Fig. 3B).
Additionally, univariate and multivariate Cox regression analyses were conducted to evaluate overall survival
in TPBC patients. The results revealed that elevated GATA3 expression was significantly correlated with an
unfavorable prognosis in TPBC (HR=1.24, 95% CI 1.25-11.76, P<0.05) (Fig. 3C). However, multivariate Cox
regression analysis results indicated that GATA3 is not an independent prognostic factor for TPBC patients
when considering age and clinical stage (Fig. 3D). Although GATA3 gene expression showed no differences
across tumor stages in TPBC (Fig. 3E), subsequent analysis indicated a positive correlation between GATA3
gene expression and the T stage in TPBC (Fig. 3F) while showing no relation to the N stage (Fig. 3G). Finally,
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Figure 2. Expression of GATA3 and relationship between ER and HER2 in TPBC. (A) GATA3 expression
difference between triple-positive breast cancer (TPBC) and normal tissue in The Cancer Genome Atlas
(TCGA) database. (B) Correlation between GATA3 RPPA and mRNA expression of TPBC cases in

TCGA database. (C) Correlation between ER and HER2 expression of TPBC cases in TCGA database.
***P-value <0.001.
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Figure 3. Prognostic value of GATA3 expression in TPBC. Kaplan-Meier curves show that the high GATA3
expression of TPBC cases in the TCGA database (A) and METABRIC dataset (B). Forest plot showing the
univariate (C) and multivariate (D) Cox regression analysis results in TPBC cases. (E-G) GATA3 is concerned
with clinical characteristics involving the clinical, T, and N stages. *P-value < 0.05and NS (not significant).

our further investigation revealed that the prognostic significance of GATA3 was inconsistent across different
molecular subtypes of breast cancer (Figure S1).

Enrichment analysis of GATA3 gene in TPBC

Given the close relationship between different expression levels and clinical prognosis, further investigation
into the potential function of GATA3 in TPBC was conducted through GSEA analysis using the TCGA data-
base. Immune-related gene sets were positively enriched in the GATA3 low-expression group (Fig. 4A). The
high-expression group also showed a strong association with DNA mismatch repair-related gene sets (Fig. 4B).
No significant differences in MSI and TMB were observed between the two groups (Figs. 4C-D). However, the
mRNA expression of specific mismatch repair-related genes was notably higher in the GATA3 high-expression
group (Fig. 4E).

Correlation between GATA3 and immune infiltrates

Enrichment analysis revealed significant differences in immune infiltration between the GATA3 low and high
expression groups, prompting further investigation into the tumor microenvironment (TME). The TME is widely
acknowledged as a crucial factor in regulating the progression of malignant tumors and influencing their response
to therapies. Our findings showed that the stromal, immune, and ESTIMATE scores were higher in the GATA3
low expression group (Fig. 5A-C). Within the TME, immune cells and immune-related genes play crucial roles
in maintaining homeostasis and influencing the dynamic development of the microenvironment. Consequently,
we explored the impact of GATA3 expression on immune cells, revealing a significant association between low
GATA3 expression and increased infiltration of lymphocytes (Fig. 5D), which was also verified by the META-
BRIC database (Figure S3). Furthermore, comprehensive GSVA analysis showed a negative correlation between
GATA3 expression and immune-related gene set expression, especially in the T-cell receptor (TCR) signaling
pathway (Fig. 5E-F). This suggests the potential involvement of GATA3 in modulating immune processes. In
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Figure 4. Enrichment analysis of the GATA3 gene in TPBC and the differences between MSI and TMB among
different GATA3 expression groups. (A, B) GSEA showed the enriched pathways and gene sets in the low and
high GATA3 groups. (C, D) MSI score and TMB level in the low and high GATA3 groups. (E) MMR-related
genes (MLH1, MSH2, MSH6, PMS2) in the low and high GATA3 groups. *P-value < 0.05, ***P-value < 0.001,
and NS (not significant).

addition, the low GATA3 expression group displayed higher levels of immunotherapy-related genes, such as
PD-1 (PDCD1), PD-L1 (CD274), CTLA-4, and LAG3 (Fig. 5G). The IPS of PD1 (+) was significantly higher in
the low-GATA3 expression group than in the high-expression group (Fig. 5H-I). These findings suggest that
GATA3 could play a key role in shaping the immune environment of TPBC, potentially influencing the tumor’s
response to immunotherapy. Finally, oncoPredict analysis showed no significant differences in endocrine therapy
responsiveness between the groups (Figure S2).

The GATA3 could be an effective predictor of NACT response in TPBC patients

The GATA3 expression of patients with pCR was significantly lower than that of patients with RD (Fig. 6A). Fur-
ther investigation revealed a high expression of activated CD4" T cells in the pCR group (Fig. 6B). Additionally,
a statistically significant negative correlation was observed between GATA3 expression and activated CD4* T
cells (Fig. 6C) (Spearman: R=-0.61, P<0.05). These findings suggest that high GATA3 expression is associated
with treatment resistance and low infiltration of T lymphocytes.

Mutation and methylation analysis in different GATA3 expression groups

Genomic mutations and methylation often influence gene expression during tumor development and progres-
sion. Our investigation identified high mutation rates in the PIK3CA and TP53 genes within TPBC (Fig. 7A).
Subsequently, we examined the mutation profiles across different GATA3 expression groups in TPBC. The
findings indicated that the high GATA3 expression group exhibited a higher GATA3 mutation rate (Fig. 7B).
Further exploration of the relationship between GATA3 methylation and mRNA expression in TPBC showed a
statistically significant negative correlation (Spearman: R=— 0.46, P<0.05) (Fig. 7C). The above analysis revealed
possible reasons for the differential mRNA expression of GATA3.

The relationship between TiLs and GATA3 expression was validated by clinical samples

To explore the association between GATA3 protein expression and TILs, we first used immunohistochemical
staining and H-score analysis to assess GATA3 expression levels. Some example images of the GATA3 IHC
results were shown in Figure S4. Based on staining intensity and extent, samples were classified into the GATA3
high-expression group (Fig. 8A) and the GATA3 low-expression group (Fig. 8C). Concurrently, the same HE
slides were used to assess the extent of TILs in both groups. The high GATA3 expression group exhibited fewer
TILs (Fig. 8B), whereas the low GATA3 expression group displayed more TILs (Fig. 8D). Subsequent analysis
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Figure 5. Association between GATA3 and immune infiltration in TPBC. (A-C) Comparison of stromal,
immune, and estimate scores in the different GATA3 expression groups. (D) The infiltration ratio of 28 immune
cells in the different GATA3 expression groups by the ssGSEA. (E, F) Comparison of 17 immune gene sets in
the different GATA3 expression groups by the GSVA. (G) Expression of immunotherapy-related genes in the
different GATA3 expression groups. (H, I) The immunophenotype scores in the different GATA3 expression
groups. *P-value < 0.05, **P-value < 0.01, ***P-value < 0.001, ***P-value < 0.0001, and NS (not significant).

revealed significantly more TILs in the low GATA3 expression group (P <0.05) (Fig. 8E). Furthermore, the cor-
relation between GATA3 expression and the clinical features of TPBC was investigated. Our findings indicated a
significant association between GATA3 expression and the clinical stage of TPBC (P <0.05) (Fig. 8F). However,
no significant correlations were observed between GATA3 expression and age, Ki67 index, histological grade,
T stage, or N stage (P>0.05) (Figure S5).

Discussion
There are complex interactions between signaling pathways that drive tumor progression and response to treat-
ment in TPBC?. An important finding is a significant negative correlation between the HER2 and ER protein
expression in TPBC. Specifically, inhibition of the HER pathway can lead to a compensatory upregulation of ER
expression, resulting in the reactivation of ER signaling pathways. This reactivation is believed to contribute to
resistance against anti-HER2 therapy?’. Additionally, a high frequency of PIK3CA mutations in TPBC has been
implicated in mediating resistance to endocrine therapy®®. Due to the complex molecular alterations in TPBC
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different GATA3 expression between pPCR and PD patients in the GSE123845 cohort. (B) The infiltration ratio
of 28 immune cells between pPCR and PD patients by the ssGSEA in the GSE123845 cohort. (C) Correlation
between GATA3 expression and Activated CD4" T cell levels in the GSE123845 cohort. *P-value < 0.05,
**P-value <0.01, and NS (not significant).

that result in varied treatment responses, further study is essential to identify reliable biomarkers for predicting
treatment outcomes and guiding personalized treatment strategies.

GATA3 is an important transcription factor that regulates various cell types, including CD4* T lymphocytes®
and mammary epithelial cells®. Overexpression of GATA3 is widely recognized as a tumor suppressor, inhibit-
ing tumorigenesis and promoting cell differentiation'”. In breast cancer, GATA3 is predominantly expressed in
subtypes with a better prognosis, such as luminal types and low-grade tumors, correlating its expression with
improved outcomes®’. However, our study revealed that high expression of GATA3 is associated with poor prog-
nosis in TPBC, suggesting that its prognostic significance varies across molecular subtypes. Importantly, this
association appears to be independent of tumor size and lymph node involvement, as evidenced by the lack of
statistically significant differences in GATA3 expression across different T and N stages in clinical samples. These
findings highlight the potential of GATA3 as an independent prognostic biomarker in TPBC, which could help
guide treatment decisions and improve patient risk stratification. Meanwhile, subsequent Kaplan-Meier analysis
demonstrated that the prognostic significance of GATA3 is inconsistent across different PAM50 subtypes. This
observation is consistent with recent studies indicating that GATA3 has different prognostic roles in various
intrinsic subtypes of breast cancer®. Additionally, it is crucial to acknowledge the variability in the prognostic
implications of GATA3 expression among different tumor types. For instance, higher GATA3 staining has been
significantly associated with improved progression-free survival in urothelial carcinoma of the upper urinary
tract®, while contrasting results have been observed in high-grade serous ovarian cancer (HGSC)*. Therefore,
the prognostic significance of GATA3 remains controversial and requires further assessment and validation.

Next, GSEA analysis was employed to uncover the potential mechanisms underlying GATA3 expression in
TPBC. A significant observation was the significant enrichment of MMR-related pathways in the high GATA3
expression group. However, the relationship between GATA3 expression and MMR proteins is still under investi-
gation, and the direct evidence supporting the specific interactions is limited. Considering that MMR deficiency
typically results in MSI-H or high TMB*, we further investigated the difference of MSI and TMB between dif-
ferent groups. We found differences in the expression of MMR-related genes among different GATA3 groups.
However, these differences did not result in microsatellite instability or an increase in TMB. Additionally, MSI-H
or MMR-deficient events are uncommon in breast cancer, occurring in approximately 1.9% of cases®. Further-
more, the role of TMB as a predictive biomarker for response to immune checkpoint inhibitors (ICIs) remains
controversial®®. Given these findings, it is imperative to focus on other immune molecular markers to gain a
more comprehensive understanding of the tumor microenvironment (TME) and guide the development of
effective treatment strategies.

TME has been recognized as a crucial factor influencing the response to various therapeutic interventions,
including chemotherapy, immunotherapy, and targeted therapies””. Within the TME, stromal and immune cells
play pivotal roles in maintaining tissue homeostasis and influencing therapeutic outcomes®. Stromal and immune
scores calculated by the ESTIMATE algorithm reflect the overall immune and stromal cell infiltration within the
TME?. Our results revealed that the stromal, immune, and ESTIMATE scores were significantly lower in the
high GATA3 expression group. Additionally, we found that GATA3 expression is significantly correlated with
the abundance of immune cell infiltration. However, there are few reports on the relationship between GATA3
expression and immune infiltration. A recent study identified a correlation between GATA3 expression and the
abundance of immune cells in bladder carcinoma'®. Consistently, in TPBC, the ssGSEA algorithms found that the
low GATA3 expression group exhibited a high level of lymphocyte infiltration, including activated B cells, CD4*
T cells, and CD8* T cells. To validate our analyses, we performed immunohistochemical staining of GATA3 in
clinical samples of TPBC. The results showed that the group with low GATA3 expression had a higher stromal
lymphocyte infiltration and lower tumor stage. Furthermore, since the high abundance of TILs is associated with
a favorable prognosis in breast cancer®>*, this phenomenon may explain why low GATA3 expression is linked
to a favorable prognosis in TPBC.
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Figure 7. The Mutation and methylation analysis in the different GATA3 expression groups. (A) Waterfall
plot of the top 20 mutational genes in the TPBC cases. (B) Co-bar plots of differentially mutated genes between
high-GATA3 and low-GATA3 groups. (C) Correlation between GATA3 expression and GATA3 methylation in
TPBC.

Due to the intersection between the HER2 and ER-mediated signaling pathways, TPBC exhibits a unique
drug response and resistance mechanism distinct from other molecular subtypes. Recent clinical studies have
primarily focused on the combination of HER2-targeted drug and endocrine therapy*!, with less attention given
to exploring the efficacy biomarker of NACT in TPBC. This study found that patients with TPBC who achieved
the pCR were more likely to exhibit low expression of GATA3, suggesting that GATA3 may be related to the
efficacy of NACT. Additionally, a negative relationship was observed between GATA3 expression and the levels
of CD4-positive T cells. Given the close association between TILs and the outcomes of NACT, an increase in TILs
is typically associated with improved chemotherapy response, higher pCR rates, and better prognosis, regardless
of the molecular subtype'?. Therefore, it is reasonable to propose the following hypothesis: The expression of
GATA3 could influence the efficacy of NACT for TPBC by affecting the levels of TILs. However, this hypothesis
requires further validation through additional studies.

Recent immunology-related research has been actively conducted in luminal subtypes , expanding the
application of immunotherapy in breast cancer. Therefore, in the face of potential HER2 inhibitors and endo-
crine therapy resistance in TPBC, it is essential to re-evaluate the role of immunotherapy from new perspectives.
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Figure 8. Validation of the expression level of GATA3 and TILs in the clinical sample. High GATA3 protein
expression (A, IHCx 100) but low TILs (B, HE x 100) in the high-GATA3 expression group. There is low GATA3
protein expression (C, IHCx 100) but high TILs (D, HE x 100) in the low-GATA3 expression group. (E) The
levels of TILs were higher in the low-GATA3 expression group. (F) The expression level of GATA3 correlated
with the clinical stages. *P-value <0.05.

Regarding immunotherapy, immune checkpoint inhibitors targeting CTLA-4, PD-1, and PD-L1 have been
approved by the United States Food and Drug Administration (FDA) for treating solid tumors, including breast
cancer*. Our study investigated the relationship between GATA3 expression and key immunotherapy target
genes (PD-1, PD-L1, CTLA-4, and LAG3) in TPBC. The results indicate that in TPBC, lower GATA3 expression
is associated with higher PD-1 levels, which could potentially enhance the effectiveness of PD-1 inhibitors, as
evidenced by IPS evaluations. Multiple studies have suggested that breast cancer patients with elevated PD-1
expression are more likely to benefit from PD-1 inhibitor treatments*. This phenomenon is frequently accom-
panied by increased PD-1/PD-L1 expression, correlating with high lymphocyte infiltration*®*. Therefore, our
findings hypothesize that GATA3 could serve as a potential immunotherapy target by regulating immune cell
infiltration levels in TPBC.

Nonetheless, this study has several limitations. Primarily, the sample size was not sufficiently large, which
may limit the generalizability of our findings. Additionally, the exact mechanistic roles of GATA3 in TPBC
need to be validated through in vivo and in vitro studies. To reinforce the clinical significance of these results,
it is imperative to conduct further research, including the collection of more TPBC cases and comprehensive
retrospective studies.

Conclusions

In summary, our findings indicate that lower GATA3 expression is associated with better overall survival and
a higher proportion of TILs, suggesting a potential role in enhancing the response to NACT. These results
underscore the potential of GATA3 as a prognostic biomarker and therapeutic target in TPBC. Future research
should focus on validating these findings in larger cohorts and exploring the underlying mechanisms through
experimental studies, which could pave the way for improved therapeutic strategies in TPBC treatment.

Data availability

The TCGA dataset was obtained from https://portal.gdc.cancer.gov/. The METABRIC dataset was obtained
from the https://www.cbioportal.org/study/summary?id=brca_metabric. The GSE123845 dataset was obtained
from the https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc = GSE123845. Further inquiries can be directed
to the corresponding author.
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